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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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THE STRESS IN THE ACL, ACL GRAFT, AND OTHER JOINT ELEMENTS WHILE WEIGHT-
BEARING IN FULL EXTENSION DEPENDING ON THE POSTERIOR TIBIAL SLOPE

Viktor Kotiuk!, Oleksandr Kostrub?, Roman Blonskyi?, Volodymyr Podik?, Dmitry Smirnov?, Oksana Haiko?

!Carolina Medical Center, Warsaw, Poland

’State Institute of Traumatology and Orthopedics of NAMS of Ukraine, Department of Sports and Ballet Trauma, Kyiv, Ukraine.

Abstract.

The safety of early weight bearing after anterior cruciate
ligament (ACL) reconstruction and the degree of posterior tibial
slope (PTS) impact on ACL and ACL graft are still uncertain
due to the limitations of previous studies.

The study aimed to evaluate the effect of PTS change on ACL
and ACL graft stress.

We created the complex multicomponent static models of
physiologically normal knee joint, taking into account the
different PTS, the ligaments of the knee joint, including the
ALL, articular cartilage, and menisci, literature data on muscle
tension also with double-bundle ACL and single-bundle ACL
graft to determine deformations and stress on the anatomical
elements of the joint at a qualitatively new level. Stress in the
knee structures was assessed using the finite element method
separately with a 6 mm diameter double-bundle normal ACL
and an 8 mm single-bundle ACL graft for the two variants of the
tibial plateau slope: 5° and 13.9°.

Raising PTS from 5° to 13.9° increases stress in the ACL by
1.29 - 1.45 times and in the single-bundle ACL graft by 1.75 -
1.81 times in the upright position with knees in full extension.
Stress in ALL increases with higher PTS by 1.58-2.00 times
in the knee joint with double-bundle ACL and 1.93-2.02 times
in the knee joint with single-bundle ACL graft while weight
bearing in full extension. Increasing the PTS angle from 5° to
13.9° with healthy ACL stress in the meniscus increases by 1.05
- 1.34 times, and with a single-bundle ACL graft - by 2.04 -
2.30 times. Replacing the double-bundle ACL with the single-
bundle ACL graft also causes an increase in its stress compared
to intact ACL under all studied conditions.

Increased PTS and ACL reconstruction significantly increase
stress in most knee anatomical elements while weight bearing
in full extension. Even with a total weight of up to 150 kg, the
critical value of stress for the rupture of the ACL graft from a
one-time load is not achieved even after reducing its breaking
load in 6 weeks. In the early postoperative period, the weakest
link is the fixation of the graft with the interference screw.
Cyclic load on the fully extended knee (regular walking) can
provoke slipping out of the graft from under the interference
screw.

Key words. Anterior cruciate ligament, ACL, posterior tibial
slope, finite element analysis.

Introduction.

Rehabilitation after anterior cruciate ligament reconstruction
(ACL) is still controversial. One of such controversial issues
is the safety, onset time, and duration of weight bearing in full
extension of the operated limb. There are numerous arguments
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for [1-6] and against [7-10] early weight bearing in full
extension. One of the potential factors that are particularly often
associated with a higher ACL load is a greater posterior tibial
slope (PTS) [11-14]. However, not all studies have been able to
confirm this [15].

But we are interested not so much in the increased risk of ACL
damage at high PTS angles [11-13], as it is unlikely that such
healthy individuals should be prohibited from exercising, but in
the effect of increased PTS on ACL graft after plastic surgery
[16], as it may affect the choice of allowable loads, optimal
exercises, and deadlines for their start during postoperative
rehabilitation, depending on the angle of PTS. Increased PTS
can potentially increase the risk of ACL graft damage during
early weight bearing in full extension. Thus, a significantly
higher risk of ACL and ACL transplant damage in PTS of 12°
and more is reported by Webb J. M. et al. (2013), Salmon L. J.
et al. (2018) and Lee C. C. et al. (2018) [13,14,17]. However,
there is almost no research on how much the load on the ACL
and the ACL graft increases when combining a high PTS angle
with an anterolateral ligament (ALL) rupture.

PTS averages 6.3° [18] to 13.6° [19] in different populations.
Pangaud C. et al. (2020) and Webb J.M. et al. (2013) consider
pathological PTS 12° and more [13,18]. And although higher
PTS is often associated with higher anterior cruciate ligament
(ACL) loads [11-14], not all studies have been able to confirm
this [15]. The models used to evaluate the effect of PTS on
ACL were significantly simplified, did not take into account the
role of numerous anatomical elements, including anterolateral
ligament, and did not compare the effect of PTS on normal
double-bundle ACL and single-bundle ACL graft.

One of the fairly accurate methods for such an analysis is the
finite element method. When comparing it with the experiment
on the cadaveric knee joint, the ACL load difference was less
than 11% [20].

The limitations of previous studies, the uncertainty regarding
the safety of early weight bearing after ACL reconstruction, and
the degree of PTS impact on ACL and ACL graft prompted us
to conduct this investigation with the finite element method.

The study aimed to evaluate the effect of PTS change on ACL
and ACL graft stress.

Materials and methods.

The knee joint model with 14 complex, curved shape elements
was created using SolidWorks. We used the average size
parameters of the bones [21-22] and menisci [23] and CT
images of the real knee joint (after checking compliance with
these averages) with the interslice interval of 0.5 mm for design.
The model did not include cartilage on the articular surface of
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the tibia and the inner side of the patella due to the relatively
insignificant role for this task [24-26].

For analysis and comparison, we considered two variants of
the tibial plateau slope (Figure 1): 5° and 13.9°. Such angles
were chosen as the minimum and mean normal PTS measured
by conventional lateral radiographs (as the simplest and most
practical method) according to Yoo JH et al. (2007) [27] and
Medda S. et al. (2017) [28], rejecting the extreme results from
the literature, and taking into account the statements of Salmon
L. J. etal. (2018) and Lee C. C. et al. (2018) [13,17] about the
danger of PTS greater than 12°. The study aimed to determine
whether and to what extent the change in PTS affects the ACL
and ACL graft even within normal limits. If such an effect is
detected, it is logical to expect its increase with increasing PTS
to abnormal values, which according to AL Juhani W. et al.
(2020), can reach 23.9° in healthy individuals [19].

single-bundle
ACL graft

double-bundle
ACL

Figure. 1. Objects of the study: healthy double-bundle ACL and a
single-bundle ACL graft.

We assessed stress in the knee elements separately with a 6
mm double-bundle normal ACL and an 8 mm single-bundle
ACL graft (Figure 1). Single bundle means a graft with all the
fibers located in parallel and not at different angles, as in an
intact ACL.

The ACL diameter averages 4.8 mm [29] to 8.3 mm [30].
Studies say that the average diameter of ACL in patients with
ACL injuries is 2 mm less than in the general population (6.10
mm - 6.20 mm) [31,32]. We used this size to assess the risk of
exercise and loads on the intact ACL. The diameter and cross-
sectional area of a graft vary greatly depending on its type. It is
the smallest for BTB grafts. For the most commonly used grafts
of semi-tendons, it is optimally at least 8 mm (although in the
real world, thinner grafts sometimes are also used) [33].

To analyze stresses and strains on the anatomical elements of
the knee joint under normal physiology in the Ansys software,
we set the mechanical properties of the anatomical elements of
the knee joint - Young's modulus and Poisson's ratio of compact
and spongy bone, cartilage, menisci, ligaments [25,34,35]. A
finite element grid (2,079,911 nodes, 1,377,642 elements) was
generated for both models. For more accurate calculations, the
grid in the contact areas was condensed. The average size of the
element is not more than 1 mm. The mean orthogonal quality
for this model is 0.85, and the mean skewness is 0.23. Testing
has shown that further condensing of the calculated grid does
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not affect the results. The cut parts of the elements of the knee
joint we replaced with appropriate forces.

Muscles have been replaced by springs to simplify the model
and speed up calculations. Efforts were applied at the springs'
mounting points and directed along the direction of the springs
(muscles) corresponding to the tabular values (Table 1) [36].
We performed the calculations for standing with a total weight
of 75 kg, 100 kg, 125 kg, and 150 kg. We determined the total
deformation, equivalent elastic deformation, and equivalent
stress according to the constructed model.

Results.

To illustrate the equivalent stress, total displacements, and
total deformation in the knee at a load of 75 kg (body weight)
while weight bearing in full extension with double-bundle ACL
and single-bundle ACL graft at PTS 5° and 13,9°, we presented
the visual data in tabular form (Table 2).

It was found that using an even slightly thicker single-bundle
ACL graft instead of a double-bundle ACL, and an increase in
PTS add to stress in many structures of the knee joint, including
ACL and ALL compared to baseline (double-bundle ACL and
PTS 5°) even without changing the position of the knee joint
while weight bearing in full extension. All the data on stress in
the knee joint elements we presented in Table 3.

In Table 3 we see that the added weight unsurprisingly
increases stresses on most elements of the system in proportion
to the weight growth. The confirmation of the growing stress in
ACL with increasing PTS is more interesting. We also see that
replacing the double-bundle ACL with a single-bundle ACL
graft also causes an increase in its stress compared to intact
ACL under absolutely all studied conditions. Stress in ALL also
increases slightly when the ACL is replaced by a single bundle
ACL graft. Thus, the mathematical model demonstrates that
ACL reconstruction does not reproduce the same biomechanics
that a double-bundle ACL provides. However, the difference in
stress is not as significant as with an increase in PTS.

Raising PTS from 5° to 13.9° increases stress in the ACL by

Table 1. Muscle exertions while weight bearing in full extension [36].

Muscles Muscle exertions [N] at weight

75 kg 100 kg 125 kg 150 kg
m. gluteus maximus 0,75 1,25 1,95 2,93
m. gluteus medius 7,50 12,50 19,53 29,30
m. rectus femoris 3,75 6,25 9,77 14,65
m. vastus lateralis 0,75 1,25 1,95 2,93
m. vastus medius 0,75 1,25 1,95 2,93
m. vastus intermedius 0,75 1,25 1,95 2,93
m. semitendinosus 0,75 1,25 1,95 2,93
m. semimembranosus | 7,50 12,50 19,53 29,30
m. biceps femoris
e hfa | 0,75 1,25 1,95 2,93
m. biceps femoris ; 5 12,50 19,53 29,30
long head
m. soleus 18,75 31,25 48,83 73,24
m. gastrocnemius 5 5, 1250 19,53 2930
lateralis
Eﬁf‘;ﬁz"mem‘“s 7,50 12,50 19,53 2930




GEORGIAN MEDICAL NEWS

No 10 (331) 2022

Table 2. Equivalent stress, total displacements, and total deformation in the knee at a load of 75 kg (body weight) while weight bearing in full

extension.

Parameter

PTS 5°
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Table 3. Stress in the knee joint elements depending on the load conditions and PTS.

Stress (MIla), while weight bearing in full extension at a load

The knee joint element PTS 5°
75 kg
ACL double-bundle 2,33
Single-bundle ACL graft 2,49
ALL (with double-bundle ACL) 2,12
ALL (with single-bundle ACL graft) 2,37
Menisci (with double-bundle ACL) 46,99
Menisci (with single-bundle ACL graft) 47,39
Bones of the knee joint (femur, tibia, patella) (with double- 9.93
bundle ACL) ’
Bones of the knee joint (femur, tibia, patella) (with single- 11.96
bundle ACL graft) >
Patella tendon and quadriceps tendon (with double-bundle ACL) 1,48
Patella tendon and quadriceps tendon (with single-bundle 2.12

ACL graft)

Cartilage of the femoral condyles (with double-bundle ACL) 9,49
Cartilage of the femoral condyles (with single-bundle ACL graft) 6,88
Posterior cruciate ligament (with double-bundle ACL) 1,35
Posterior cruciate ligament (with single-bundle ACL graft) 1,59
Lateral (fibular) collateral ligament (with double-bundle ACL) 2,92
Lateral (fibular) collateral ligament (with single-bundle ACL graft) 3,73

Medial (tibial) collateral ligament (with double-bundle ACL) 0,47
Medial (tibial) collateral ligament (with single-bundle ACL graft) 0,42

1.29 - 1.45 times depending on weight in the upright position
with knees in full extension. When replacing a normal double-
bundle ACL with even a slightly thicker single-bundle ACL
graft, raising PTS from 5° to 13.9° affects its stress more
catastrophically, increasing it by 1.75 - 1.81 times. Stress in
ALL increases also significantly with higher PTS - 1.58-2.00
times in the knee joint with double-bundle ACL and 1.93-2.02
times in the knee joint with single-bundle ACL graft while
weight bearing in full extension.

Most other joint elements also experience a significant increase
in stress with raising PTS. Thus, when increasing the PTS angle
from 5° to 13.9° with a healthy ACL, the stress in the meniscus
increases by 1.05 - 1.34 times, and when replacing a normal
double-bundle ACL with a single-bundle ACL graft - by 2.04
- 2.30 times.

Discussion.

High-quality physical therapy allows quick restoration of the
athlete to continue training. But even when all possible efforts
and resources are invested in it, there is still a limit due to the speed
of biological processes in the body, which we can't cross yet.

Most studies report the accelerated weight-bearing patients
to have the better function in the early postoperative period.
However, their function at two-year follow-ups was usually
the same as in the late weight-bearing groups [7]. Nevertheless,
the questionnaires and scales are not always able to fully
describe the function and stability during intensive sports,
especially rotational stability. The accelerated weight-bearing
may theoretically increase the risk of knee laxity. So maybe we
should select patients who need this early performance even
with some chance of laxity, which can stay with the patient
forever or lead to revision surgery, which is often two-step.
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PTS 13,9°

100kg |125kg 150kg 75kg 100kg |125kg 150kg
3,06 3,78 4,67 3,39 4,28 5,17 6,06
3,21 3,93 4,82 4,49 5,81 7,12 8,43
2,75 3,38 4,25 3,59 4,44 5,34 6,21
2,99 3,62 4,49 4,58 5,95 7,31 8,68
62,65 7831 9398 62,74 69,57 83,96 98,35
6321 79,03 94,82 10823 136,69 13516 193,63
12,57 1521 19,87 2224 269 31,56 3622
14,59 17,22 21,88 30,52 3931 481 56,89
1,77 2,06 2,96 5,66 6,53 742 8,36
2,39 2,69 3,59 8,71 11,09 1349 1588
13,61 17,73 18,99 1244 12,66 13,02 13,51
10,83 1496 1624 2465 30,82 3699 43,17
1,73 2,11 2,71 2,81 3,39 3,97 4,55
1,96 2,34 2,95 3,89 5,01 6,13 7,25
3,62 432 5,84 7,96 9,48 11,01 12,54
4,42 5,12 6,64 11,36 1457 17,79 21,01
0,69 0,93 0,94 1,37 1,44 1,51 1,61
0,53 0,72 0.8 2,52 3,16 3,81 4,45

Breaking load for ACL allografts is, depending on their type,
from 777 N to 4112 N [37]. The breaking load of BTB allograft
with an average cross-sectional area of 67 mm is 1139 N, and the
strength is 168 N/mm [38]. For allografts from tendons of the
semi- group, it may be from 1 567 N to 4360 N [39]. Much less
research on the strength of autografts. An autograft of a double
folded m. semitendinosus tendon showed greater resistance to
breaking load than other grafts - 1029 N (11.5% and 10.3%
more than BTB and quadriceps tendons, respectively) [40]. But
the tensile strength of a graft decreases with time. And in the
first months, the weakest link may be the fixation strength by
an interference screw or other fixator [41,42]. Cyclic load on
the graft is another risk factor that can cause it to break or slip
with less effort.

Depending on many factors, the fixation strength of the
interference screw is only 174 N - 315 N [42], which is the
weakest element of the system immediately after surgery. In the
tibial canal, the graft is often fixed with an interference screw,
with both cortical layers drilled. Therefore, at least at one end
of the graft, we get a fixing strength of an average of 251 N
(minimum - 182 N). However, there are other studies on the
strength of tendon fixation with an interference screw - 506
N to 758 N for BTB [43].In a meta-analysis of graft tears and
violations of fixation, Chen N.C. et al. (2007) showed that it
could happen already at a load of 235 N [44]. At cyclic load on
8 mm ACL graft in 9 mm tunnel fixed with 8 mm screw in case
of short (25 mm) screw graft slipping from under the screw in
some cases occurred at loads up to 150 N and at loads up to 450
N - in all cases even with long 45mm screws [45].

The destructive load for ACL grafts decreases in the first 4-12
weeks after surgery [46]. Thus, the strength of the graft six
weeks after surgery is reduced by 27% [47]. So, we can expect



GEORGIAN MEDICAL NEWS
No 10 (331) 2022

its rupture in this period even at lower loads. Knowing the
average cross-sectional areas of ACL and ACL grafts [48,49],
we can calculate the minimum loads for rupturing the weakest
allografts immediately after installation (777 N) for fresh
autografts from doubled m. semitendinosus tendon (1029 N)
and graft slipping from under the interference screw (150 N for
cyclic load, 182 N for one-time). And after six weeks, we can
assume a decrease in graft strength by an additional 27%.

The cross-sectional area of the ACL is from 30 mm?, and the
graft of semi-tendons is from 58.2 mm?. Breaking load for a
healthy ACL has been studied less, and it is unlikely to expect
its exceeding when standing even with weight. The breaking
load for ACL grafts is 1029N / 58.2mm? = 17.68MPa in the
first weeks after surgery. After six weeks, the breaking load
on the ACL graft due to the degradation of the latter decreases
and is already from 751 N / 58.2 mm? = 12.90 MPa. The risk
increases with increasing PTS, patient's weight or use of added
weights, and graft diameter decreasing. While weight bearing
in full extension of the knees, even with a total weight of up to
150 kg, the critical stress value for ACL rupture from a one-time
load is not achieved. But in the first weeks after the operation,
the weakest link is the fixation of the graft with an interference
screw. Unfortunately, we cannot transfer critical loads to MPa
because they are not linked to the cross-sectional area. But given
that they are 4-6.9 times smaller than the breaking load, this may
indirectly indicate the possibility of graft slipping from under
the interference screw even when standing, especially if the
patient is standing or walking regularly. Even a few millimeters
of graft elongation can reduce stability in the knee joint.

Thus, with the help of finite element analysis of ACL stress,
it has been shown that throughout the postoperative period, a
patient weighing even 150 kg and with normal or moderately
increased (up to 13.9°) PTS can sometimes be allowed to step
on the lower extremity in the orthoses blocked in extension.
We cannot expect the graft to break. However, many steps,
even with small loads while weight bearing in full extension,
should be considered in terms of ACL or ACL graft resistance
to cyclic load (walking). Graft slipping out is also a risk in such
a situation. The risk is proportional to the patient's weight and
PTS. This risk decreases after six weeks and disappears after 12.

Conclusions.

Complex multicomponent static models of physiologically
normal knee joint taking into account the PTS, the ligaments
of the knee joint, including the ALL, articular cartilage, and
menisci, literature data on muscle tension also with double-
bundle ACL and single-bundle ACL graft allowed to determine
deformations and stress on the anatomical elements of the joint
at a qualitatively new level.

Increasing PTS significantly increases stress in the ACL
and even more on the ACL graft while weight bearing in full
extension. Nevertheless, even with a total weight of up to 150
kg, the critical value of stress for the rupture of the graft ACL
from a one-time load is not achieved even after reducing its
breaking load in 6 weeks.

But in the early postoperative period, the weakest link is the
fixation of the graft with the interference screw. Cyclic load on
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the fully extended knee (regular walking) can provoke slipping
out of the graft from under the interference screw.

We should select the rehabilitation program individually for
each patient considering the technique of surgery (choice of
graft, type of fixation, intraoperative factors), the term from
injury to surgery (tissue adaptation, compensatory mechanisms),
the presence of concomitant injuries (cartilage or menisci), age,
type and level of activity, the physical condition of the patient,
motivation, and expectations of patients.
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